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(54) Apparatus for testing power performance of electric motor for electric vehicle 



(57) A test motor 2 is controlled by a controller 7 in 
accordance with travelling pattern (i.e. vehicle speed) 
data of an electric veNcle. A toad motor 3 Is controlled 
by a controller 9 in accordance with a load pattera A 
host controller 10 generate the load pattern based on 
tiie vehicle speed pattern and factors of the electric 
vehicle, and synchronously outputs the vehicle speed 
pattern and the load pattern to the controller 7 and 9. 
respectively. Data detected by a torque sensor 4 or 



other measuring element are input to ttie host controller 
10 to generate a two<limenslonal map showing the 
relationship between the nrwtor efficiency and motor 
output or between the motor efficiency and revdufion 
speed. Since the toad pattern Is generated and input in 
advance witiiout using feedback control, test results can 
be obtained witii high accuracy. 
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Description 



Background of the Invention 



This invention relates to an apparatus for testing electric motor performance, and more particularly to an apparatus 
for testing the power perfonmance of an electric motor for an electric vehicle. 

Generally, when evaluating the performance of an electric motor (hereinafter referred to as a test motor) on a test 
bench, performance testing is canled out under two different evaluation circumstances. I.e evaluatton under constant 
conditions (with constant revolution and constant torque) and evaluation under acceleration/deceleration operations. 
Test driving with acceleration/deceleration operations further includes a simple driving pattern and a mode simulating 
for actual travel of a vehicle. Under the simulation mode, the motor revolution is controlled so that the vehicle speed indi- 
cates a predetermined running pattern (for example. U\#4 mode based on actual driving in Los Angeles. California), 
while generating a resistance corresponding to an actual running resistance using a load motor. 

ControlBng of the running resistance is carried out by conputing a load on the veNde based on the revolution of 
the test motor (i.e. vehicle speed) and outputting the computed load value to the load motor. The toad motor has a com- 
puting unit for calculating the running resistance In Its control system. 

Conventionally, several techniques are known for calcidating running resistance. One technique is to calculate a 
load from a load map which is preset in response to a vehicle speed. In this case, the test bench should be provided 
with an element having an inertia equivalent to the vehicle inertia (e.g. a f lywheeO and resistance equivalent to the vehi- 
cle speed is applied to the test apparatus as a load. 

Alternatively, load may be calculated based on a feedback speed/acceleration of the load motor, vehicle weight air 
resistance factor, etc. When carrying out a performance test on a test bench using this technique, feedback speed and 
acceleration of the load motor must be accurately measured to provWe an appropriate toad in accordance with the 
measurement result. 

Japan Laid Open (Kokai) H3-212194 discloses a stnjcture of outputting a speed command (torque command) to 
the test motor in aocoiTfanoe with a travelling schedule of the vehicle, while outputting to the load motor a resistance 
(torque) conesponding to travelling conditions at the feedback speed and acceleration. Each of the operations are con- 
troNed by a microcomputer. 

However, in the former technique using a flywheel, the mechanical strength of the test bench must be reinforced in 
order to mount the flywheel, which causes the test apparalus to become larger as well as more expensive 

On the other hand, in calculating a load based on the feedback speed and acceleration of the load motor (in the 
latter technique). It is difficult to detect an acceleration with high accuracy due to the influence of discrete errors In digital 
systems and the influence of noise in analogue systems. The detectton error in aoceleratton may provide an unrealistic 
load value and prevent the providing of an appropriate nmning resistanca 

Furthermore, presence of time delay fs inevitable during the measurement of the fedback speed and acceleration, 
and it adversely affects reproduction of the measured value. In orderto reduce thetime delay, the accuracy of the mfero- 
computer must be improved, which results in increased cost 
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This invention was conceived in view of the above-mentioned problems and it is an object of the Invention to provide 
an apparatus for testing the power performance of an electric motor whtoh reafizes highly accurate and effective testina 
of a test motor. ^ 

In order to achieve the object, a test apparatus of the invention canries out a power perfomiance test of an etoctric 
motor for an electnc vehicle by driving an electric motor to be mounted on an electric vehicle and a load motor con- 
nected to the electric motor. The test apparatus comprises electric motor control means for controlUng the electric motor 
in accordance with a predetermined travePing pattern of the electric vehicle, load motor control means for controiling 
the toad motor in accordance with a predetemiined load pattern, and main control means for synchronously controinng 
an operation timing of the electric motor control means and tiie toad motor control means. 

In this structure, the main controller synchronously controls the electric motor control means and load motor control 
means in accordance witti a predelern^ied speed pattem and a predetermined toad pattern, respectively, rather than 
using a convenltonal feedback control to delernwie a torque for the load motor. Accordingly, control delay arising from 
a feedback delay is obviated, and also, errors in torque command values caused by detection enw in aocelerat'on can 
be avoided. Consequentiy. accurate test results of the power pertbrmance of the motor are obtained. 

The apparatus for testing the performance of the electric motor further comprises means for generating the load 
pattern based on the travelling pattem and various factors of ttie electric vehicle. By simply setting the travelling pattem 
and the values of the electric veh'icte factors, the load pattem is automatically generated and peribrmance tests under 
various travelBng conditions are easily realized without complicated process for generating the toad pattern. 
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The apparatus for testing the performance of the electric motor further comprises detection means for deteding at 
least torque, revolution speed, driving electric Ofrent and driving voltage, and map generation means fbr generating a 
two-dimensional map showing the relationsh^ between the output torqMe of the electric motor and the motor efficiency 
t>ased on the detected values. 

s The map generation means may generate a twcxlimensional map showing the relationship l^etween the revolution 
speed of the electric motor and the motor efficiency based on the detected values. 

By generating a two-dimensional map containing a physical value of the ef^ciency. the tendency of the motor per- 
formance Is easily understood. 

aher objects and advantages will be apparent from the detailed descrijotion of the embodiment with reference to 
10 the drawings. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a test apparatus in accordance vtrith the invention. 
15 Fig. 2 is a flowchart showing operations of the test apparatus of Fig. 1 . 
Fig. 3 illustrates a travelling pattem of LA#4 used in the embodiment 

Fig. 4 illustrates a torque pattern used in the embodiment wNch corresponds to the travelling pattern of Fig. 3. 
Rg. 5 illustrates a revolitfion speed and a torque which are output from the host computer 10 to the test motor and 
load motor, respectively. 

so FtQ, 6 shows evaluation results for a 0% tiq^hill giatfient obtained by the test apparatus in accordance with the 
entailment, mapped on a two-dimensional map of motor efficiency vs. motor output 

Fig. 7 shows evaluation results fbr a 1% uphill gradient obtained l>y the test apparatus In accordance with the 
ernbodiment 

Fig. 8 shows another display example of evaluation results mapped on a graph with torque vs. revolution speed. 
s$ Rg. 9 shows stifl another display example of evaluation results showing torque, revolution speed and motor effi- 
ciency. 

Fig. 10 shows evaluation results obtained by a conventional test apparatus, 
p^fiilftd Description of the Preferred Embodiment 

30 

Rg. 1 shows a system structure in accordance with one embodiment of the invention. A test motor 2 and a load 
motor 3. which are mechanically connected to each other through a coupling shaft, are set on a test bench 1 . A torque 
sensor 4 is provided on the coii^llng shaft to detect an output torque of the test motor 2, An Inverter 6 is connected to 
the test motor 2 and an Invertor 8 is connected to the load motor 3. Switching operation of the invertor 6 is corrtrolled 

35 by a controller 7 wln'ch serves as an electric motor controlling means, while switching opa^tion of the Invertor 8 is con- 
troHed by a controller 9 which serves as a load motor control means. The inverters 6 and 8 are connected to a DC power 
source 1 1 and convert the direct cunent to alternating cun^ent to drive the respective motors 2 and 3. The controllers 7 
and 8 are connected via a dedicated data bus 12 to a host controller 10 which serves as a high order main controlling 
means to generally control the two motors. The host controller 10 comprises a motor interface unit, a measurement 

40 control unit, and a display analysis unit which functions as a map generation unit 10b as will be described below. The 
host controller 10 outputs a high-speed sync tignal at an electricaDy constarrt time period from the motor interlace unit 
and suppnes it via the dedicated data bus 12 to the controllers 7 and 9 for a synchronizing operation command. Since 
the controllers 7 and 9 generate their own control signal based on the sync signal, the synchronism of the motors 2 and 

3 are assured. The high-speed sync signal provides an operation command at a shorter time period than the mechan- 
45 ical time constant of both the motors 2 and 3, which allows various driving patterns ranging from a simple pattern to a 

complicated operation pattern. 

The host controDer 1 0 further includes a load pattern generation unit 1 0a for calcuiating a load pattem from the var- 
ious vehicle factors in the travelling mode, details of which wiil be descn*bed bdow. 

A measure unit 1 3 is provided to detect various parameters such as a revolution speed, electric current and voltage 
so of the test motor 2. The detection signals from the nreasure unit 13 as well as a detection signal from a torque sensor 

4 are supplied to the host controller 1 0. The display analysis unit of the host controller 10 calculates an efficiency of the 
test motor 2 based on the detection signals, and generates and outputs a twOKfimensionai map of the relaflonship 
between the revolution speed and the efficiency (or between the motor output and the efficiency). 

The operation of the test apparatus will now be described with reference to the flowchart of Rg, 2. 
55 Vehicle speed pattem data Is input to the host controller 1 0 using traveling mode data (S101). In the embodiment 
LA#4 mode shown In Rg. 3 is used. The host controller 10 calculates an acceleration data from moment to moment 
based on the vehicle speed patten data (S102). More parttoularty, the acceleration data is oWained by ftme- differenti- 
ating the traveinng pattern In Fig. 3. After calculating the acceleration pattem In S102. the host controller 10 calculates 
a torque, which is to be supplied to the load motor 3, based on the running resistance, tire diameter, v^e vwght and 
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gear ratio of the vehicle on which the test motor is mounted (S103). The torque is calculated using the fodomng equa- 
tion: 

Output torque = running resistance + acceleration/deceleration resistance 
The running resistance is obtained by either of the following methods. 

(A) Mapping Method 

Running resistance values corresponding to each of a number of vehicle speeds are input in advance, and a run- 
ning resistance at a given vehicle speed is obtained by linear interpolation. 

(B) Calculation Method! 

IS Running resistance values corresponding to each of a mmber of vehicle speeds are liput In advance, and the con- 
stants in the following equation are determined to obtain an approximation curve. 

Running resistance = A + BV + CV* 
20 where A. B and C represent constants and V represents vehicle speed. 

(C) Calcutatlon Method II 

Travding resistance is calculated in accordance with the foBowing equatioa 

TraveDng resistance » 1/2 • CD * S * p{V/3.6) ^ + g|iW 

where V is vehicle ^eed, CD is air resistance coefflcienl. S is projected front area of vehicle, p is air density, u is rolBng 
resistance coefficient W Is vehicle weight, and g is the aoceleiation of gravity. 
30 The present invention is characterized in that the hoet controller 10 generates a torque in advance which is to be 
provided to the load motor 3, and either method among (A)-(C) can be used to obtain the traveing resistanca 
Acceleration/Ueceleration resistance may be calculated from the fdlowing equation. 

Acceleration/deceleration resistance - W/g * dVAft 

35 

After calculating the torque to be sent to the load motor 3. the host controller 10 generates a revduMon speed pat- 
tern wWch Is to be supplied to the test motor 2 (SI 04). The revolution speed pattern is generated based on the vehicle 
speed pattern data input in the step SI 01 . As has been described, in the embodiment, the vehicle speed pattern shown 
in Fig. 3 is generated based on LA#4 mode. Then, a torque pattern which synchronizes with the vehicle speed pattern 

40 of the test motor 2, Is generated for the toad motor 3 (3105). The torque may be calculated by ^er of the above^- 
tioned methods (A) to (C), and an example of the generated torque pattern is illustrated in the lower half of Fig. 4. In 
Fig. 4, the upper half is a veWcle speed pattern for the test motor 2 represented by a revolution speed (the pattern itself 
IS therefore the same as that of Fig. 3). while the lower half is a toque pattern for the load motor 3 which is synchronized 
with the vehicle speed pattern. The synchronized vehicle speed pattern and torque pattern are output via the data bus 

45 12 to the test motor 2 and load molor 3, respectively (81 06). Fig. 5 shows en exarrple of the vehicle speed pattern and 
torque pattern output from the host controller 1 0. Fig. 5(A) is a vehicle speed pattern output to the test motor 2 (actually 
to the oontroDer 7), and Fig. 5(B) is a torque pattern output to the load nrxitor 3 (actually to the controller 9). Both pat- 
terns are synchronized with each other, and therefore, control delay in feedback is dissolved. 

In step 8107. various data are detected by the torque sensor 4 and other measurement unit 13 while controlling the 

so test motor 2 and load molor 3 in the synchronized manner. The detected data are input to the display analysis unit of 
the host controller 10 for data analysis (S107). Analysis includes a calculation of the efficiency of the test motor 2 and 
a mapping of the relationship between the efficiency and motor output or between flie efficiency and the motor revolu- 
tion speed or motor electric current (or voltage) on a two<fimenslonal map. The efficiency is obtained using the foDow- 
Ing equation. 

55 

Efficiency = E(rN)/E(|*V> 
where T represents torque. U is revolution speed. I is electrical current, and V is voltage; 
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Rg. 6 shows an example of the relationship between the calculated efficiency and motor output nnapped on a two- 
dimensional map. The horizontal axis represents a motor output (kW) and the verticai.axis represents an efficiency (%). 
Although It is not shown in the figure, each data point on the map bears a numt>er indicating the order !n which the data 
is obtained, and is expressed as time-sequence data on two-dlmensionai map. Since ffie vehicle speed for the test 

5 motor 2 and torque for the load motor 3 are calculated in advance and are output in a synchronized manner, control 
delay is substantially eliminated. Furthermore, reduced accuracy in the acceleration detection ie avoided and highly 
accurate data can be obtained in a short time period as weU as easy detection of the center of gravity of the motor out- 
put Generally, motor is designed so that a periphery of the center of gravity is optfrnaliy designed. By obtaining the eval- 
uation results as shown in Rg. 6, the scope of the optimal design is easily set. 

w Ftg.W shows an example of test results obtained by a conventional test apparatus, for comparison, where the hor- 
izontal axis represents motor revolution speed (rpm) and the vertical axis represents motor torque (Mm). Dots In the 
chart are measuring points, and motor efficiency is calculated at each of the measuring points. In such a conventional 
test apparatus, ft is difficult to loiow a tendency of the motor efficiency or causality of energy loss. Comparing this plot 
with the evaluation results shown in Fig. 6, the advantageous effect of the test apparatus of the invention will be appar- 

15 ent 

Although the evaluation result of Fig. 6 is on the assumption of a 0% uphill gradient in LA#4, the test apparatus of 
the present invention can easily be applied to any travefing pattern because vehicle speed pattern and torc^e pattern 
are calculated and provided to the host controller in advance. For example, Fig. 7 shows an evaluation result of a 1% 
uphai gradient in LA#4. TYiis test result can be obtained by simply correcting the torque pattern given to the load motor 

20 for a 0% uphill gradient 

Fig. 8 illustrates more evaluation resi^ showing a motor efficiency distribution fbr each given tim^ with revolution 
speed as a horizontal axis and output torque as a vertical axis. Although a three<iimenstonal graphic is generally used 
fbr expressing the relationship among the revolutton speed, torque and efficienGy, Fig. 8 two-dlmensionany expresses 
the rdationsh^ plotting the effidency with (Cerent oolors for each levels. The re^ "a" is plotted in red. the region 

2S -b* 6 fdbtted in orange, the region V is plotted in yellow, and the region "d" is plotted in yeOow-green. The efficiency is 
decreased in the order of red, orange, yellow and yellow-green. Thus^ the efficiency distribution of the motor is graphi- 
cally expressed as isobaric lines and is easily and visually analyzed. If abnormal color distribution appears on the 
graph, It is determined ffiat there is something wrong with the motor end the motor can be quiddy checked and rede- 
signed. Similar to Fig. 6, each data point may bear a number showing the order of the measurement. 

30 Fig. 9 shows another graph showing the e\^luation results. The horizontal axis represents time and the vertical axis 
represents revolution speed, torque, and efficiency. In this graph, the relationships between revolution speed and time, 
between output torque and time, and between efficiency and time are incorporated in the same two^Jimenslonal area, 
and the revdulion speed, output torque and motor efficiency are associated with each other on a time basis. TTieretore, 
it is easily and quickly detennined which driving pattern leads to the reduced efffciency 

as Three preferred examples of displaying the evaluation results have been shown above. However, since one of the 
features of the invention is to aeate the twoniimensional map contairting a physical anraunt of motor effidency. other 
display methods are a\so induded in tiie scope of the present invention as long as they show the relationship between 
motor effidency and other parameters such as torque or revolution speed. 

A test motor 2 is contrdled by a controller 7 in accordance witii traveliing pattern (i.e. vehicle speed) data of an elec- 

40 trie vehida A load motor 3 is controlled by a controller 9 in accordance witti a load pattern. A iiost contrdler 1 0 gener- 
ates tiie load pattern based on the vehide speed pattern and factors of the electric vehicle, and synchronously outputs 
the vehide speed pattern and the toad pattern to ttie oontroDer 7 and 9, respectively. Data detected by a torque sensor 
4 or otiier measuring element are input to the host controller 10 to generate a two^imensional map showing tiie rela- 
tionship between the motor effidency and motor output, or between the motor effidency and revolution speed. Since 

45 theload pattern is generated and input in advance witt>out using feedback control, test results can be obtained with high 
accuracy. 

Claims 

» 1 . An apparatus for testing the power performance of an electric motor for an electric vehtele by driving the electric 
motor to be mounted on the electric vehide and a load motor connected to the electric motor, comprising: 

electric motor control means for controlling the electric motor in accordance wifli a predetermined travelling 
pattern of the electric vehtole; 

ioad motor control means fbr controlling the load motor in accordance with a predetermined load pattern; 

55 and 

main control means for synchronously cortroinng the operation timing of the electric motor control means 
and the load motor control nrteans. 
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Z The apparatus according to daim 1 , further comprising means for generating the load pattern based on the travel- 
ling pattern and factors of the electric vehida 

3. The apparatus according to claim 2. wherein said load pattern is an addition of a running resistance and an accel- 
s eration/deceleratlon resistance of the electric vehida 

4. The apparatus according to claim 3. wherein the aoceteration/deceleration resistance is calcuIMed based' on the 
acceleration obtained by time-differentfating a vehlde speed of the traveUing pattern. 

10 5. The apparatus according to daim 1 , further comprising: 

detection means for detecting at least a torque, revolution speed, driving electric current, and drlvfrm voltage 
of the electric motor; and 

map generation means for generating a two-dimenaonal map showir^ the relationship) between the output 
and eff idency of the electric motor based on the detected values. 
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6. The apparatus according to daim 1 , further comprising: 

detection means for detecting at least a torque, revolution speed, driving electric current, and driving vohaoe 
of the electric motor: and ^ 

map generation means for generating a two-dimensional map showing the relationship between the revdu- 
tlon speed and elfidency of the electric motor based on the detected values. 
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(54) Apparatus for testing power perfonnance of electric motor for electric vehicle 

(57) A test motor 2 is controlled by a controller 7 in 
accordance witft travelSng pattern (i.e. vehicle speed) 
data of an electric vehicle. A load motor 3 is controlled 
by a controller 9 in accordance wHh a load pattern. A 
host controller 10 generatBS the load pattern based on 
the vehicle speed pattern and factors of the electric 
vehicle, and synchronously outputs tfie vehicle speed 
pattern and the load pattern to the controller 7 and 9. 
respectively. Data detected by a torque sensor 4 or 
other measuring element are input to the host controller 
10 to generate a twcHfimensional map showing the 
relationship between the motor elTiciency and motor 
output, or between the motor efficiency and revolution 
speed. Since the load pattern is generated and input in 
advance without using feedback control, test results can 
be obtained with high accuracy. 
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